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CENTRAL STATION LIGHTING.* 
BY PEDRO G. SALOM. 
The advantage of using storage batteries in central 
station lighting may briefly be summed up as follows: 
(I) They effect a substantial saving in operating expenses. 
(II) They increase the factor of safety. 
(III) They permit of a material extension of distribution 
without increasing the size of the power plant. 
(1) As to the savzng in operatilzg expenses. 
As the question of economy is largely the determining 
factor as to the advisability of introducing a ‘battery, let US 
examine more at length the means by which thisis effected. 
(a) By taking care of the crown of the maximum load 
when all the generating machinery is taxed to its utmost 
extent. 
(6) By dispensingwith one shift of labor in taking care of 
the entire minimum load. 
(6) By permitting the operation of large units exclusively. 
(4 By operating all the units at their maximum load 
and hence at their maximum efficiency. 
As to the maximum load. Owing to the peculiar nature 
of electric lighting it frequently happens that the number 
of units generated at the maximum load is not more than a 
few per cent. of that of the total average load, and the total 
load is only a few per cent. in summer and rarely above forty 
per cent. in winter of the total possible output of the plant. 
The first requisite, therefore, in determining whether a 
battery can advantageously be introduced in any given 
central station, and if so what its size or capacity shall be, 
is to have diagrams of the load curves. 
The next important factor is the number and size of the 
units employed at the Qation. From these data we deter- 
mine what has very appropriately been called the load fac- 
tor, and then it is easy and simple to calculate the size of 
the battery required to give the most economical operating 
* Read at the stated meeting of the Iustitute, held December 20, 1893. 
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results. Once the size of the battery is determined, we can 
calculate the saving effected : 
(a) By dispensing with a night shift. 
(b) By diminishing the consumption of coal for a given 
output. 
(c) By the saving effected in operating a few large units 
of one size, instead of a number of small units of various 
sizes. 
(n) By the saving effected in operating each unit at its 
maximum efficiency. 
(e) By the additional revenues from increase of total out- 
put taken from battery at time of maximum load. 
As the item of labor in small stations is frequently as 
high as twenty-five per cent. of the operating expenses, the 
saving effected by dispensing with a night shift is not 
inconsiderable. 
By operating large units exclusively there is also a mate- 
rial saving effected both in labor and in the much higher 
efficiencies of, large over small units. 
Again, as the coal bill is the largest item of expense, 
amounting in some cases to more than fifty per cent. of the 
total operating expenses, any saving effected in this item is 
of paramount importance, and is reflected at once in the 
decrease of operating expenses. 
The question of mechanical efficiency with varying loads 
has not been as carefully studied with each type of engine 
as its importance deserves, but Prof. W. Cawthorne Unwin, 
F.R.S., has shown that the decrease of mechanical effi- 
ciency for light loads has a serious effect on the economy 
of working with a variable load, and that with a load vary- 
ing from IOO to 25 per cent. the efficiency decreases from 
eighty-five to forty per cent. 
While it is impossible to say in a general way what the 
exact saving would be from the introduction of a battery of 
sufficient size to permit of the operation of all the units 
at maximum load (since the load is not the same in any two 
central stations), the results prove that in central stations 
equipped with storage batteries the operating expenses are 
diminished as much as thirty per cent. 
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(11) As to the factor of safety. 
In case there is a derangement or break-down of the gen- 
erating machinery, or where the steam pressure cannot be 
kept up to a sufficiently high point to operate all the units 
at maximum load, the elasticity of a storage battery per- 
mits of an immediate discharge rate enormously in excess 
of its normal rate. In other words, a battery designed for 
a given output could in emergencies be safely called upon 
for one half hour or more to deliver a current three times 
as great as that for which it was designed. 
This is a fact of vital importance, and one which any cen- 
tral station man will at once appreciate, for in any direct 
system of transmission there is always the liability of a 
derangement or break-down of one of the links in the chain, 
whereas in a central station equipped with a storage battery 
the manager can depend on the battery to take the load of 
an individual unit until such time as the derangement or 
break-down can be remedied or repaired. Moreover, it fre- 
quently happens, where the business of a central station 
has increased since the original introduction of its generat- 
ing machinery, that the boiler capacity at maximum load is 
so -taxed that it is difficult to maintain steam pressure suffi- 
cient to operate all the units at once, in which case, if a bat- 
tery is employed, recourse may be had to the battery until 
such time as the engineer shall be able to keep steam up to 
the required pressure. 
(I(I) .4s fo t/le questiolz of distribution. 
The advantages of the use of storage batteries under this 
head follow as a corollary from what has been said in the 
previolts paragraphs, but the application is much wider 
than has been previously intimated. For example, when a 
central station has supplied the demand within a given 
radius of economical distribution and a demand arises for 
electric light or power immediately adjacent to and outside 
of this given radius of di&ribution, it is possible to supply 
this demand by having sub-stations of storage batteries. 
These may be charged by a special wire at comparatively 
high pressure during the day, thus increasing the average 
load of the central station, and their charge distributed at 
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night from the sub-stations at the regular pressure. The 
central station is thus enabled materially to increase its 
revenues without increasing its original power plant. An 
economy is effected also in this method of distribution by 
decreasing the size of the feeders to the outlying districts, 
since it is possible to charge the batteries used at a com- 
paratively low rate for ten or twelve hours, whereas by 
direct lighting the feeders would have to be large enough 
to carry the entire load of the sub-station at its maximum 
output, which might only last for two or three hours. 
In addition to the saving effected in operating expenses, 
the use of a battery may be made to yield additional 
revenues in proportion to the amount of current supplied 
to the circuit over and above what the direct system, at the 
time of maximum load, could supply without increasing the 
size of the power plant. 
From what has been said above it is evident that central 
station lighting is one of the most important fields of useful- 
ness of the storage battery and one which has hardly yet 
been to&h&d upon. 
The same arguments apply with increased force to its 
application in a power house for electric traction. Here the 
variation in the load is between such wide limits and of 
such a sudden character as to render it impossible to operate 
the power plant on anything like an economical basis. 
In all such cases, by the introduction of a sufficiently large 
battery, the load curve, instead of resembling a stroke of 
lightning as it does at present, could be perfectly equalized, 
enabling the power plant to operate at full load and maxi- 
mum efficiency. 
The following list of central stations employing storage 
batteries in England and on the continent will give some 
idea of the extent of their adoption in those countries : 
_&z&anrl.-Kensington Central Station, Gothenburg Elec- 
tric Supply Company, Westminster Electric Supply Corpora- 
tion (Limited), Knightsbridge Central Station, Houses of 
Parliament, Cadogan Electric Supply Company (Limited), 
Bradford Electric Supply Corporation (Limited), Liverpool 
Electric Supply Company (Limited), Northampton Electric 
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Light and Power Company (Limited), Notting Hill Electric 
Lighting Company (Limited), Southampton Electric Light 
and Power Company (Limited), Birmingham Electric Supply 
Company (Limited). 
Germany.-Berlin (Thiergarten district) ; Konigsberg, in 
Prussia ; Stettin, Breslau, Hamburg, Liibeck, Bremen, 
Hannover, Erfurt, Cassel, Eisenach, Gera, Blankenburg, 
Osterade, Geestemtinde, Dusseldorf, Barmen, Hagen, Gevels- 
berg, Gummersbach, Corbach, Marburg, Aix-la-Chapelle. 
Meiningen, Dessau, Bochum, Miihlhausen, Berchtesgaden, 
Hart, Zwickau, Hornberg. 
Holland and Belgium.-Hague, Brussels, Dolhain, Ghent, 
Ninove, Westeras. 
Sweden, Norway and Denmark.-Stockholm, Christiania, 
Copenhagen. 
Italy and Spaz’zz.-Naples, Genoa, Ferrara, Madrid, San- 
tander. 
Switzerland.-Bern, Aarau. 
France.-Paris, Secteur, Clichy, Lyons, Reims, Lille, 
Sedan. 
TABLE No. L-TYPI~ c. s. 
I 
I 
7 hrs. 5 hrs. IO hrs 
12 
70 
140 
210 
360 
350 
700 
1,050 
1,400 
1,750 
i 
Nor%-The above table is based on sixty. accumulators for a Im-volt circuit; for other 
potentials a proportionate number of accumulators is required. 
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TABLE NO. Z.-TYPE c. S. 
If0 
6 
6 
‘7 
22 
28 
33 240 
39 280 23,400 
45 320 =5,4~ 
50 360 30,~ 
55 ‘75 33,“O 
110 350 66.ooo 
165 525 99>- 
220 
275 875 
100 
II’I 
122 
‘33 
2w 
222 
244 
266 
E 
366 
402 
400 
444 
488 
532 
500 
555 
610 
665 
600 
666 
732 
798 
700 
777 
854 
1% 
888 
976 
1,064 
ZT 
=m 0 
‘1’97 
I,000 
1,110 
T,2ZO 
‘9370 
2,- 
2,220 
:% 
3&o 
3,330 
3,660 
4,oao 
4,- 
4,440 
4,380 
5,320 
5,- 
5fg 
6:650 
8 60 
9 
10 60 
60 
60 
3 
5 
7 
10 i 
: 
7 
10 
Nom.-NOS. I to 9. inclusive, height, 9 inches 
No allowance made for space between cells. 
Nos. IO to 14. inclusive, height, 18 inches. 
The above table is based on sixty accumulators for a II~-volt circuit ; for other potentials 
a proportionate number of accumulators is required. 
